The magnetic properties of a nanoscale system are inextricably linked to its local environment. In ad-atoms on surfaces and inorganic layered structures the exchange interactions result from the relative lattice positions, layer thicknesses and other environmental parameters.
Introduction
Magnetism at the nanoscale is often determined by the local environment: the sensitivity of the exchange coupling to the spatial arrangement and its dependence on the interactions between sandwiching layers, spin interfaces, ligands, neighbouring atoms or substrate is well-established. In most cases, these interactions lead to an increase or decrease of the strength of the local magnetism. [1] [2] [3] [4] [5] [6] Of special interest is the situation in which the sign of the exchange interaction reverses, leading to a transition from ferromagnetic to antiferromagnetic coupling (or vice versa).
Altering the relative positions of the atoms in Fe dimers 7 or varying the thickness of the interlayer in Fe/Cr/Fe structures 8, 9 can, for instance, trigger such an inversion.
Owing to their intrinsic flexibility, single molecules form an interesting system to control this exchange reversal. In addition, as building blocks of molecule-based materials, knowledge on variations of the magnetic properties at the individual-molecule scale reveals effects that might go unseen in bulk. A previous work reports variations of the spin excitation energies in single molecules on metallic surfaces, 3 but a ferro-to-antiferromagnetic exchange coupling inversion has never been demonstrated. In view of molecular spintronics applications, such a phenomenon is of particular interest in high-spin all-organic molecules -in which magnetism is not connected to the presence of metal ions [10] [11] [12] [13] -because of their favorable spin lifetimes. 14 Here, via inelastic electron tunneling spectroscopy (IETS), we map the magnetic states of individual neutral and stable organic triradical molecules. The all-organic molecule of our study exhibits, in solution, a strong ferromagnetic exchange interaction between its three unpaired elec-trons. Through the observation of distinct magnetic spectra in different samples, we infer that the exchange coupling significantly decreases in magnitude and can even turn antiferromagnetic when the molecule is embedded in a solid-state device. We attribute the reduction and the sign reversal to small deformations induced by the local environment of the junction and support this hypothesis with theoretical calculations. The analysis demonstrates that the distortions only modify the exchange but not the robust radical character of the three centers, in agreement with previous studies on monoradicals. 13 We use a 2,4,6-hexakis(pentachlorophenyl) mesityltriyl radical molecule 15, 16 sandwiched between two electromigrated 5 gold leads to construct our molecular junction, as schematically depicted in Fig. 1b (see supplementary material for additional information on the molecule and the junction preparation). The molecule, shown in Fig. 1a , is a neutral triradical with three unpaired electrons on the three methyl carbon atoms. Each one of these atoms, with three chlorinated phenyl rings surrounding it in a propeller-like conformation, forms one of the three elementary radical subunits. The central mesitylene ring is common to the three subunits and is used to magnetically interconnect them. Two of the propellers have the same sense of rotation while the third rotates with an opposite sense, conferring the molecule a C 2 symmetry. Owing to this architecture and particular orbital topology, [17] [18] [19] the three radical electrons lie in three distinct nondisjoint, quasi-degenerate, non-bonding singly-occupied molecular orbitals (SOMOs) exhibiting a strong exchange interaction. Previous experiments 15 have demonstrated a robust high-spin quartet (S Q = 3/2) ground state with a low-spin doublet (S D = 1/2) excited state well-separated in energy
This characterization is, however, performed on crystals, where the molecules adopt the thermodynamically most stable conformation with a C 2 symmetry.
Results and discussion
Electron transport spectroscopy on sample A is presented in Fig. 2 Each finite bias step is associated with the opening of an inelastic electron current channel via an excited state of the molecule. When spin excited states are involved, the steps' position in energy as a function of magnetic field provides a means to read out the molecule's energy spectrum. In the present case, the spectrum is composed of the eigenstates |S, S z of the spin Hamiltonian including exchange, Zeeman and anisotropy terms:
where S i denotes the 1/2-spin vectors of the three radical electrons, S ≡ ∑ Within this framework, we can respectively assign the low-and high-bias steps seen in Fig. 2a (bottom) to the two spin transitions |3/2, −3/2 → |3/2, −1/2 and |3/2, −3/2 → |1/2, −1/2 between states of the molecular spectrum in Fig. 2a (top) . The former transition takes place within the spin-3/2 ground state multiplet and approaches therefore zero energy at vanishing magnetic fields; the latter transition, on the other hand, involves an excited state belonging to the higher spin-1/2 multiplet and converges to a finite energy at B = 0 T.
In Fig. 2c the absolute value |d 2 I/dV 2 | of the map in Fig. 2a The presence of the zero-bias peak and its doublet-like magnetic field evolution indicate a S = 1/2 ground state. The energy spectrum corresponding to this case is displayed in Fig. 3a (top) .
The low-bias step is ascribed to the transition |1/2, −1/2 → |1/2, 1/2 within the spin-1/2 ground state multiplet; the high-bias ones are associated with the three allowed transitions to the spin-3/2 multiplet |1/2, −1/2 → |3/2, S z , with S z = {−3/2, −1/2, 1/2}, where the selection rule ∆S z = 0 also applies. Selected spectra extracted from Fig. 3a at different fields are displayed in Fig. 3b .
The zero-bias peak is clearly visible in the trace at zero magnetic field. The peak evolves into a dip at B ≈ 1.8 T and opens up into two inelastic steps at higher fields. The observed weak zero-bias peak is consistent with the presence of Kondo correlations between one of the SOMO unpaired electrons of the spin-1/2 ground state and the electrons in the leads.
Taking the absolute value of the derivative of the map in Fig. 3a , we obtain the |d 15 Excluding charging effects on the basis of the gate measurements and large calculated SOMO-SUMO (also named SOMO-LUMO-β ) gap, we argue that the local environment of the junction is responsible for the reduction and sign change of J. The mechanism we propose relies on a structural distortion induced in the molecule by the electrodes. In particular, we focus on the dihedral angles θ of the bonds linking the radical centres to the central ring ( Fig. 5(a) and supplementary material) which are known to be of general importance in radical systems of this type. 20 We argue that, these three angles which define the relative orientation of the six peripheral rings with respect to the central one, determine the exchange through their dependence on the specific arrangement of the molecule between the electrodes, thus giving rise to the observed sample to sample variation. To test this hypothesis we perform unrestricted DFT-based calculations based on the broken symmetry approach [21] [22] [23] [24] [25] for different dihedral angles θ . The J-value at each step is extracted from the energy difference between the high-spin and the broken symmetry solution approaching the spin adapted 
